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Abstract The increasing incidence of coagulase-negative
staphylococci (CoNS) in hospital-acquired infections
underlines the need for an accurate and simple identifica-
tion of Staphylococcus isolates at the species level.
Sequencing of the tuf gene has been shown to be the most
accurate for the species identification of CoNS. We
determined the species of 62 consecutive clinical and 31
reference CoNS isolates by tuf gene sequencing and matrix-
assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF-MS). Species assignment by
MALDI-TOF-MS and tuf sequencing was congruent in all
cases. We conclude that MALDI-TOF-MS is accurate for
identifying CoNS in routine clinical practice. The study
also identified an unexpectedly high number of cases of
Staphylococcus capitis infections among 62 consecutive
CoNS isolates in 2009 at the University Medical Center
Utrecht, the Netherlands.
Introduction
Coagulase-negative staphylococci (CoNS) maintain a benign
relationship with their host and are only considered to be
pathogenic when natural barriers are damaged, usually due to
trauma or the implantation of medical devices [1, 2]. Rates of
CoNS infections in hospitals have increased, which neces-
sitates the need for the accurate and simple identification of
Staphylococcus isolates at the species level [3–5].
CoNS that are commonly isolated from humans are
Staphylococcus epidermidis, Staphylococcus capitis,
Staphylococcus hominis, Staphylococcus haemolyticus,
Staphylococcus warneri, Staphylococcus caprae,
Staphylococcus saccharolyticus, Staphylococcus pasteuri,
Staphylococcus saprophyticus,a n dStaphylococcus
lugdunensis [4]. It is notheworthy that some species (i.e.,
S. epidermidis, S. haemolyticus, S. lugdunensis, S. warneri,
and Staphylococcus schleiferi) are more often found in
severe human infections, such as endocarditis [4, 6].
Molecular methods targeting the 16S rRNA, hsp60, femA,
rpoB, gap, tuf, and sodA genes are currently favored for
accurate identification, but these methods are time-
consuming and expensive [5, 7].
Here, we evaluated the use of matrix-assisted laser
desorption ionization time-of-flight mass spectrometry
(MALDI-TOF-MS) (Bruker Daltonics, Bremen, Germany)
for the species determination of 62 consecutive clinical
CoNS isolates causing nosocomial infections at the Uni-
versity Medical Center Utrecht (UMCU), the Netherlands.
As the gold standard for CoNS species determination, we
used tuf gene sequencing, because this gene was shown to
be the most accurate for specifying CoNS [7, 8].
Materials and methods
In total, 62 clinical CoNS were included, as were 31
reference isolates, representing S. capitis, Staphylococcus
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DOI 10.1007/s10096-011-1204-3sciuri, S. epidermidis, S. saprophyticus, Staphylococcus
xylosus, S. hominis, S. haemolyticus,a n dS. warneri,
obtained from either the ATCC or a previous study [7].
The 62 clinical CoNS isolates originated from hospi-
talized patients with invasive infections and were
collected in the first two months of 2009. The isolates
were classified as CoNS on the basis of the morphology
and a fast agglutination test (Remel, Badhoevedorp, the
Netherlands).
For tuf sequencing, genomic DNA of the isolates was
used for amplifying and sequencing a 412-bp fragment of
the tuf gene with the primers tuf-F and tuf-R [7]. The tuf
gene sequences were aligned and a neighbor-joining tree
was constructed using MEGA 4.1 with the maximum
composite likelihood model assuming rate uniformity and
pattern homogeneity [9].
For all isolates, the tuf gene was sequenced with species
determination based on alignments with reference isolates.
All but two isolates (98%) could be assigned to the species
level using a cut-off of 98% similarity (Table 1 and Fig.1).
BLAST searches of the two non-assigned isolates revealed
that one isolate had a tuf sequence 100% identical to the tuf
gene of Staphylococcus simulans ATCC27848, and the tuf
gene of the other was 99% similar to that of S. lugdunensis
HKU 09–01.
For the MALDI-TOF-MS analysis, material from a
single colony of a fresh overnight culture was placed onto
a steel target plate and processed as described previously
[10]. Raw spectra were analyzed by MALDI Biotyper 2.0
software (Bruker Daltonics) with default settings. An
internal control (Escherichia coli DH5α) was used for
calibration before each experiment. Identification scores
above 2 or between 1.8 and 2 for duplicate samples were
considered to be reliable [10].
Results and discussion
All reference and clinical isolates yielded reliable identifi-
cation by MALDI-TOF-MS. Species assignment by
MALDI-TOF-MS and tuf sequencing was congruent in all
cases, implying an accuracy of species identification by
MALDI-TOF-MS of 100%.
The majority of the clinical isolates were classified as
S. epidermidis (n=33, 53%) and S. haemolyticus (n=13,
20%) (Table 1). Both CoNS species are often associated
with infections in hospitalized patients [4]. Surprisingly, ten
of 62 isolates (16%) from 2009 were classified as S. capitis,
a species normally rarely encountered as an etiological
agent of nosocomial infections. These ten isolates were
recovered from ten different patients, of which nine
appeared in two epidemiologically distinct clusters of five
and four patients (stayed on the same ward during
overlapping time periods), suggesting multiple events of
cross-transmission (data not shown).
In this study, we demonstrated that MALDI-TOF-MS,
compared to tuf sequencing, is an accurate method for the
species identification of routinely isolated clinically impor-
tant CoNS. The usefulness of MALDI-TOF-MS for the
species determination of CoNS has been reported previ-
ously, but MALDI-TOF-MS was not compared to tuf
sequence-based determination in these studies [5, 6, 10,
11]. However, Bergeron et al. concluded in their set of
isolates, which also included isolates that are not found in a
clinical setting, that tuf was better for species determination
than MALDI-TOF-MS [8]. Because MALDI-TOF-MS is
easy to perform, fast, and relatively cheap, it is the preferred
method for the species identification of clinical CoNS in
routine clinical microbiology.
Species n (%
a)
S. capitis (n=13)
Reference isolates 3
Clinical isolates 10 (16%)
S. epidermidis (n=50)
Reference isolates 17
Clinical isolates 33 (53%)
S. haemolyticus (n=14)
Reference isolates 2
Clinical isolates 12 (19%)
S. hominis (n=6)
Reference isolates 2
Clinical isolates 4 (6%)
S. lugdunensis (n=1)
Reference isolates 0
Clinical isolates 1 (2%)
S. saprophyticus (n=1)
Reference isolates 1
Clinical isolates 0
S. sciuri (n=1)
Reference isolates 1
Clinical isolates 0
S. simulans (n=1)
Reference isolates 0
Clinical isolates 1 (2%)
S. warneri (n=2)
Reference isolates 1
Clinical isolates 1 (2%)
S. xylosus (n=4)
Reference isolates 4
Clinical isolates 0
Table 1 Species identification
of coagulase-negative
staphylococci (CoNS) by tuf and
matrix-assisted laser desorption
ionization time-of-flight
mass spectrometry
(MALDI-TOF-MS)
a% of clinical isolates (n=62)
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